This study was conducted to design new instruments to solve the current issues of one-hand control and the obscuring of the endoscope by blood during transnasal endoscopic surgery. An endoscope holder and an electronically controlled irrigation-suction system were designed and manufactured. The feasibility and effectiveness of the designed instruments and operation models were verified in a model transnasal endoscopic surgery procedure performed on a mongrel dog. During the operation, one hand was used to perform the operation and move the endoscope, and the other hand was used for irrigation and suction to keep the surgical field and the endoscope clear. The combined use of an endoscope holder and an electronically controlled irrigation-suction system facilitates single-surgeon bimanual transnasal endoscopic surgery in a model surgical procedure. The clinical value of this technique warrants further research.
Introduction
Over the past 3 decades, transnasal endoscopic surgery has been widely performed, developed, and expanded in the field of intranasal and skull base surgery 1 due to improved visualization and special suitability for operations in small and deep body cavities. However, the limitations of one-handed control and problems with endoscopic visualization being impaired by blood have yet to be solved. It is necessary to explore novel surgical techniques for transnasal endoscopic surgery and to develop innovative new surgical instruments with improved performance. 2 The key components of the solution are the development of two-handed techniques and an improved method of always keeping the endoscope clean. Various assistant systems have emerged in recent years and have been applied in many medical disciplines. [3] [4] [5] [6] [7] [8] We identified the disadvantages of current transnasal endoscopic instruments and designed a new assistant system to overcome them.
Materials and methods
Ethical approval. The authors assert that all procedures that contributed to this work comply with the ethical standards of the relevant national and institutional guides on the care and use of laboratory animals.
Basic principles of the surgical technique. The system includes two parts: an endoscope holder and an electronically controlled irrigation-suction system. The endoscope holder can hold the endoscope in any region of the body as required by the surgeon. Two different statuses, lock and unlock, are controlled by a switch that is installed on the manipulator, and the status can be changed instantly.
Regarding irrigation and suction, the conversion and pressure adjustment function of the irrigation-suction system can be accomplished by one tube. Thus, the cleaning of the endoscope and the surgical field can be completed simultaneously, reducing the amount of time spent on changing between the irrigation and suction tubes and decreasing the amount of space that the surgical instruments occupy.
The instruments' design and manufacture. The instruments will be introduced briefly:
1. The endoscope holder (figure 1): There are five pneumatic braked bearings and a spherical joint to control the holder's states of lock and unlock. The mi-Modified two-Handed transnasal endoscoPic surGery: innoVatiVe instruMent desiGn and an exPeriMental canine study crominiature air compressor is the air pressure source. The switch on the front of the manipulator controls all five brakes and unlocks them at the same time by controlling the reversing solenoid valve of the general air source, thereby allowing for an immediate system response with no resistance to activities when the endoscope holder is unlocked.
The endoscope can complete translation, perpendicular, pitching, swing, and axial rotation movements anywhere in the nasal cavity. The end of the endoscope holder can be removed from the brake spherical joint to be sterilized. The counterpoise in the holder can counteract the weight of the endoscope. At the end of the holder, the manipulator can match all types of endoscopes well (figure 2).
2. The electronic irrigation-suction system (figure 3): The anterior end of the general tube (the three-way tube) can be connected by a screw wedge to the traditional suction tube head of any shape that can be introduced into the nasal cavity. The posterior end can be connected to the suction tube and the irrigation tube, and a switch is fixed onto the general tube where the index finger can easily control it.
The traction electrical magnet is used to realize the function conversion of the irrigation and suction, and the stepping motor is used to clamp the pipes to control the flow. The stepping motor controller receives instructions from the switch and converts them into the signals that control the stepping motor and the traction electrical magnet; thus, function conversion and flow control can be realized. The pneumatic compressive device compresses the physiologic saline solution bag to maintain positive pressure.
Model surgery. The model surgery was performed on a mongrel dog (20 kg, male, provided by the experimental animal center of Peking Union Medical College Hospital), using the transnasal endoscope system, an endoscope holder, and the electronically controlled irrigation-suction system. The experiment was specifically approved by the animal experimental ethics committee of Peking Union Medical College Hospital. The dog was killed at the end of the experiment.
The dog was placed under general anesthesia with 3% pentobarbital, and an orotracheal intubation was performed. The animal was placed in the prone position with the head of the bed elevated 30° and secured with a fenG, Gao, tian, zHuanG, lV restraining system. Then, 1% ephedrine cotton pledgets were placed into the nasal cavity and withdrawn after 5 minutes. The nasal septum and middle turbinate were dissected, and the following activities of the operation were observed and analyzed: securing the endoscope, bimanual operation, and irrigation and cleaning of the endoscope.
Results
Two-handed transnasal endoscopic surgery was successfully conducted during the model surgery. The left hand was used to hold the irrigation and suction tube to keep the endoscope and surgical field clear, and the right hand was used to introduce the endoscope into the nasal cavity of the dog.
When the endoscope reached the appropriate position, the right hand was opened, securing the endoscope in the target position. The right hand was then free to manipulate the forceps or other instruments to perform the operation, while the left hand kept the surgical field clear with the irrigation-suction system ( figure 4) . When the endoscope became obscured by blood, the irrigation-suction system was switched to the irrigation mode to improve visibility, with adjustable power controlled through a side-mounted switch. The switch was pressed again to change the system to suction mode, again with adjustable power controlled through the same switch.
For much of the procedure, the endoscope, the irrigation and suction tube, and the surgical instruments were not removed. In the rare instance that the endoscope needed to be removed from the nasal cavity, the endoscope was removed with the right hand in the same manner as would be done in the traditional operation. Using the suction tube in the left hand, the surgeon can more precisely dissect the tissues using the right hand ( figure 5 ).
Discussion
The major drawbacks of endoscope operations are the limitations of one-handed control and visibility problems caused by the endoscope's becoming obscured by blood. New instruments designed to overcome these limitations are crucial for the further development of the endoscopic technique. 9 Although many solutions have been developed, the assistant system we designed includes an endoscope holder and a combined irrigation-suction system as its own distinct advantages. It is much more convenient for the irrigation-suction system to clean the endoscope and surgical field simultaneously, without hav- Modified two-Handed transnasal endoscoPic surGery: innoVatiVe instruMent desiGn and an exPeriMental canine study ing to withdraw the endoscope from the nasal cavity. Thus, the time spent cleaning the endoscope is reduced.
The "four-hand technique" has been reported by many surgeons over the past several years; [10] [11] [12] although possible, it is inevitable that this technique commands additional space and the surgeons' time. Moreover, the coordination of two different specialties often poses logistic problems. The technique described here requires only a single surgeon who can use both hands to manipulate the instruments. The feasibility of the endoscope holder has been verified in many studies and various types of endoscope holder designs. [3] [4] [5] [6] Unfortunately, the endoscope holder has not been widely accepted for transnasal endoscopic surgery until recently. The distal end of our instrument is small, with a diameter of 2 cm, which is very suitable for the limited amount of space available in transnasal endoscopic surgery. The manipulator of the holder that grasps the endoscope is easy to open and lock, which facilitates the easy exchange of endoscopes of different degrees. The counterpoise in the holder counteracts the weight of the endoscope, so the surgeon can move the endoscope easily; moreover, the safety of the operation is increased.
Compared to several irrigation-suction system designs that have previously been described, [7] [8] 13 our irrigation-suction system does not occupy any additional space compared to traditional surgical instruments. The design feature of adjustable irrigation and suction can help to protect native tissues, while facilitating the removal of disease, such as fungal balls, from the sinuses. Moreover, Seiberling et al verified that intraoperative saline irrigation can significantly reduce the amount of potentially pathogenic bacteria within diseased sinus mucosa. 14 
Conclusion
The combined use of an endoscope holder and a simultaneous electronically controlled irrigation-suction system facilitates bimanual transnasal endoscopic surgery. Further research is required to confirm its safety and efficacy in clinical settings. (1) to clean the surgical field, and the right hand holds the forceps (2) to dissect. B: Bimanual operation; the left hand holds the combined irrigation and suction tube (1) to fix the target tissues, and the right hand holds the forceps (2) to dissect precisely. C-F: Shown is the process of cleaning the endoscope using the electronically controlled irrigation-suction system when the endoscope is obscured by blood. Note that the general tube (1) is obscured in panel E, but it is very clear in panel F.
